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Abstract 
For practical use of (RE)BCO coated conductors in power or AC applications, it is necessary to have reliable joining 
techniques. In order to reduce the magnetic losses in coated conductors the most promising approach is the 
filamentisation of the superconducting layer and subsequently the transposition of the percolation path by means of a 
joined second layer. Therefore, striated tapes are necessary which should be diffusively joined face-to-face at the 
edges with a reliable joining technique. We investigated the influence of uniaxial pressures on the performance of 
face-to-face Ag diffusion joints. For the joints we used tapes from SuperPower with 12 mm and THEVA with 10 mm 
width. The contact length was 3 cm. Pressures between 4 and 21 MPa were applied by means of a steel jacket. The 
tapes were annealed at 500°C in pure oxygen. The lowest average resistance was achieved at a pressure of about 12 to 
17 MPa. The resistance of the as-pressed contacts shows a continuous decrease approaching a value of about 
420 ncm² (SuperPower tapes) in the investigated pressure regime up to 21 MPa. 
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1. Introduction 
For practical applications of second-generation HTS coated conductors the development of joining 
techniques is essential. Because of the difficulties in producing long length CC tapes with high and 
homogeneous critical current densities the CC tapes have to be joined for the production of generators, 
transformers, motors, magnet coils and other power applications. In principal three kinds of joining 
techniques are used, superconducting joints, non-superconducting joints using a low melting point metal 
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as a soldering material, and diffusion joints. In spite of the big relevance of the joining techniques for real 
power applications only a few studies have been reported to date [1-5]. For power applications the 
soldering and diffusion techniques are supposed to be the most applicable. The diffusion joining technique 
is expected to achieve lower resistance than the soldered joints because of the lack of resistance of a 
soldering material and additional contact resistance. 
In this paper we investigated the influence of uniaxial pressures on the performance of face-to-face Ag-
diffusion joints using SuperPower and THEVA tapes. 
2. Experimental 
In this study coated conductors from SuperPower (SP) and THEVA were used. The architecture of the 
tapes is as follows: 
SP - Hastelloy C276 (50 μm) / Al2O3 (80 nm) / Y2O3 (7nm) / MgO (30 nm) / LMO (30 nm) / GdBCO 
(1 μm) / Ag (2 μm); 
THEVA - Hastelloy C276 (90 μm) / MgO (3 μm) / MgO (300 nm) / DyBCO (1 μm) / Ag (200 nm). 
The tapes were cut into pieces of 7.5 or 9 cm length. The joints between two conductor pieces are made 
by stacking them together in a face-to-face configuration with an overlap of 3 cm. Pressures between 4 
and 21 MPa were applied by means of a steel jacket (Fig. 1). Then the tapes were annealed at 500°C in 
pure oxygen for 1 hour. V-I measurements were performed using a conventional four-probe method at 
77 K in self-field. The voltage contacts have a distance of 6 cm and were fixed with conductive silver 
paste. Indium press contacts were used for the current feed. To investigate the surfaces and 
microstructures of the tapes, scanning electron microscopy (SEM) and optical microscopy were used. The 
roughness of the surfaces was characterised with a profilometer (see [6]). 
 
Fig. 1. Schematic view of the contact cross-section and the stainless steel sample jacket 
3. Results and Discussion 
3.1. As-pressed Ag contacts with SuperPower material 
With increasing pressure up to 21 MPa (5 Nm of torque) the as-pressed contacts show a power law 
decrease of the contact resistance (Fig. 2). The curve in figure 2 shows that even with a pressure of 
21 MPa the load limit of the tapes is not yet reached. However, it appears that a further pressure increase 
will not lead to an essential improvement of the contact resistance. So the possibilities to reach better as-
pressed contacts with SuperPower material are exhaust. 
3.2. Ag cap layer of SuperPower contacts 
After the electrical characterisation the as pressed contacts were opened and the silver cap layer was 
examined by means of a scanning electron microscope. Especially on the edges of the samples big areas 
of flattened silver hills are visible (Fig. 3). Nevertheless, there is no correlation between the contact 
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resistance and the fraction of flattened surface. This lack of correlation points out that the (RE)BCO/Ag 
interface determines the contact resistance. 
Fig. 2. Contact resistance as a function of the torque for as-pressed contacts 
 
Fig. 3. Ag cap layer of an opened as-pressed contact 
3.3. Ag-diffusion contacts with SuperPower material 
The contact resistance of the Ag-diffusion contacts was determined by V-I curves. The resistance was 
calculated from the initial slope of the curves. In figure 4a) V-I curves are shown exemplarily. In the 
examined torque area (1 Nm to 5 Nm) the evaluation of the contact resistance of the Ag-diffusion 
contacts (500°C / 1 h in O2) with SuperPower tapes shows no clear dependence of the contact resistance 
on the torque (Fig. 4b)) In case of a more exact consideration including the deviations, a minimum of the 
resistance can be seen at a torque between 3 and 4 Nm. The best reproducible average value for the 
contact resistance was 194 ncm² or 54 n absolute. The relatively high contact resistance indicates that 
the interface (RE)BCO/Ag determines the contact resistance. 
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Fig. 4. a) V-I curves of Ag-diffusion contacts joined with a pressure of 12 MPa; b) Contact resistance as a function of 
the torque 
3.4. As-pressed Ag contacts with THEVA material 
The first results with THEVA material confirm the assumption that the interface (RE)BCO/Ag 
considerably determines the contact resistance. In figure 5 the V-I curve of an as-pressed contact, pressed 
with 8 MPa (1.4 Nm) is shown, resulting a contact resistance of 57 ncm² or 21 n, respectively. The 
appropriate SuperPower sample (Fig. 2, 2 Nm) shows 590 ncm². The reduction of the contact resistance 
of an order of magnitude for THEVA contacts clearly proves the assumption that the interface 
(RE)BCO/Ag determines the contact resistance essentially. With THEVA material it seems to be possible 
to reach a contact resistance below 10 ncm². Other investigations follow. 
 
Fig. 5. V-I curve of an as-pressed Ag contact made of THEVA tapes joined with a pressure of 8 MPa 
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Fig. 5. a) Profilometer picture of the DyBCO layer of a THEVA tape (RMS 35 nm); b) Pores in the Ag-layer at the 
interface (RE)BCO/Ag of a SP-contact 
4. Summery
As-pressed and Ag-diffusion contacts were made using SuperPower and THEVA tapes, respectively. 
Their contact resistance in dependence of the torque (pressure) was examined. The best reproducible 
average value for the contact resistance in Ag-diffusion contacts with SuperPower material was 
194 ncm² or 54 n absolute. As-pressed contacts with THEVA tapes achieved a resistance of one order 
of magnitude lower than the appropriate SuperPower sample. These results show clearly that the 
attainable contact resistances were determined by the interface (RE)BCO/Ag. Tapes with bad 
(RE)BCO/Ag contact like in the SuperPower tapes (porous interface (RE)BCO/Ag, Fig. 5b)) resulting in 
higher overall contact resistances. However, the THEVA tapes show a thick smooth interface between 
(RE)BCO and Ag (Fig. 5a)) which leads to a reduction of the contact resistance of one order of 
magnitude. As-pressed THEVA contacts show a resistance of 57 ncm² or 21 n, respectively. It seems 
to be possible to reach contact resistances of about 10 ncm². 
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